Surgical excision is the traditional treatment for osteoid osteoma. However, the complexity of the foot anatomy makes a satisfactory outcome challenging. Difficulty in localizing the lesion intraoperatively may result in either incomplete tumor resection or excessive bone loss. To date, no published report has described the use of three-dimensional printing in the surgical treatment of osteoid osteoma of the calcaneus. In this case, we printed a three-dimensional model of the calcaneus of a 17-year-old female patient with a 2-year history of night pain in the lateral aspect of the hindfoot and ankle, evaluated the lesion as an osteoid osteoma, and designed a surgical guiding plate. Intraoperatively, we had no difficulty achieving complete resection of the lesion from the lateral calcaneus bone window, autogenous bone grafting, and subtalar arthrodesis. At the 2-year follow-up examination, the patient remained asymptomatic with no recurrence of the osteoid osteoma.
Introduction
The first osteoid osteoma was reported by Jaffe in 1935. This lesion accounts for approximately 11% of all benign bone tumors. The most commonly affected bones are the tibia and femur 1, 2 ; only about 2% to 10% of cases occur in the foot. 3, 4 Osteoid osteomas rarely exceed 1.5 cm, and it is thus difficult to localize the tumor during surgery. Furthermore, inadequate resection often leads to recurrence.
Three-dimensional (3D) printing has been widely used in trauma and joint surgery. [5] [6] [7] [8] However, no published reports have described the use of this technology in the surgical treatment of osteoid osteoma of the calcaneus.
Case report
A 17-year-old female patient with no significant medical history presented with a 2-year history of night pain in the lateral aspect of the hindfoot and ankle. She denied any history of trauma. Her symptoms could be partially relieved with aspirin. A plain radiograph showed a sclerotic area in the left calcaneus just inferior to the subtalar joint ( Figure 1 ). She underwent a needle biopsy of the calcaneus in a local hospital. The pathological report described a small amount of bone tissue with a poor blood supply and no signs of tumors or tuberculosis. She was diagnosed with chronic osteomyelitis and received conservative treatments including analgesic drugs and physiotherapy.
One month later, the patient presented to our medical center because the pain had become severe. On physical examination, we found severe swelling of the left hindfoot ( Figure 2 ) with mild tenderness, and the motion of the subtalar joint was limited. A computed tomography (CT) scan revealed a lesion with a sclerotic rim in the anterolateral aspect of the left calcaneus adjacent to the posterior talocalcaneal joint (Figure 3 ). Magnetic resonance images showed a wellcircumscribed area of low-signal intensity in the anterolateral aspect of the left calcaneus with surrounding edema (Figure 4 ). The erythrocyte sedimentation rate and C-reactive protein concentration were within their reference ranges. The tuberculosis antibody titer was negative. A clinical diagnosis of osteoid osteoma was made.
The CT images were processed with MIMICS software (Materialise, Ann Arbor, MI). A 3D model of the left calcaneus was created, and the volume (cm 3 ) and position of the osteoid osteoma was determined ( Figure 5a , b). A surgical guiding plate was designed to guide a trephine to make a bone window on the lateral aspect of the calcaneus (Figure 5c, d) . Both the 3D model of the calcaneus and surgical guiding plate were fabricated by a 3D printer (ZPrinter 450; Z Corporation, Burlington, MA) in our medical center ( Figure 6 ). After administration of epidural anesthesia, the patient was placed in the supine position, and a suitably sized sandbag was placed under the ipsilateral buttock to maintain the position of the limb. A tourniquet was positioned around the left thigh. A lateral approach was used to expose the subtalar joint. We found effusion in the peroneus tendon sheath, and the cartilage of the calcaneus had been eroded by the tumor. With the aid of the surgical guiding plate, we made a bone window on the lateral aspect of the calcaneus using a trephine. The tumor lesion was easily reached, and complete resection was achieved. The bone defect in the calcaneus was repaired with an autogenous bone graft. The subtalar arthrodesis was completed as planned. The postoperative pathological diagnosis was an osteoid osteoma ( Figure 7 ). At the 2-year followup examination, the patient remained asymptomatic with no recurrence of the osteoid osteoma (Figures 8, 9 ).
Discussion
In the medical field, 3D printing is more than a sole manufacturing method. 9 It promotes the development of precision medicine and meets the ever-growing needs of individualized medical treatment.
10 3D models are created and printed based on two-dimensional CT or magnetic resonance images, which can be used for preoperative plans and surgical training. These models facilitate reduced surgical times, decrease intraoperative blood loss, and promote better reduction of complex fractures. 5, [11] [12] [13] Moreover, 3D printing makes it possible to fabricate custom implants for patients with anatomic deformities or large bone defects. 14 An osteoid osteoma is a benign bone tumor. The characteristic clinical presentation includes severe night pain, soft tissue swelling, and joint effusion. 1 When the lesion is located in the juxta-articular region of the foot, establishment of a correct diagnosis and effective treatment plan is difficult due to the complexity of the anatomy in this area. 4, [15] [16] [17] Surgical excision is the traditional treatment for osteoid osteoma. 18 However, difficulty in localizing the lesion intraoperatively may result in either incomplete tumor resection or excessive bone loss. 15 These complications may lead to treatment failure and tumor recurrence or unnecessary bone grafting.
In the present case, the rarity of osteoid osteoma in the calcaneus and the uncharacteristic signs on plain radiography were the main causes of misdiagnosis of the lesion as chronic osteomyelitis at the local hospital. For preoperative evaluation of the lesion, the patient underwent a CT scan at our medical center. The 3D model of the calcaneus created with Mimics software demonstrated that the osteoid osteoma was located in the anterolateral one-third of the calcaneus and that the volume of the lesion was about 1000 mm 3 . A surgical plan was made to achieve complete resection of the lesion from the lateral calcaneus bone window, perform autogenous bone grafting, and carry out subtalar arthrodesis. With the aid of the surgical guiding plate intraoperatively, we had no difficulty making a bone window in the lateral wall of the calcaneus with a trephine and reached the lesion directly. We found that the preoperative evaluation and the intraoperative findings were consistent. No X-ray exposure occurred during surgery. The operation was finished as planned within 40 min. Compared with conventional surgical methods, this new method saved about one-third of the surgical time. The cost of 3D printing was no more than $200 USD.
In conclusion, management of osteoid osteoma in the calcaneus is difficult. 3D printing is helpful in evaluating the osteoid osteoma preoperatively and localizing the lesion intraoperatively. We recommend the use of this novel technology in foot and ankle surgery.
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